Background: In order to determine whether treatments are effective in the treatment of meniscus tears, it is first necessary to understand the natural history of meniscus tears. The purpose of this paper is to review the literature to ascertain the natural history of meniscus tears in children and adolescents. Methods: A search of the Pubmed and Embase databases was performed using the search terms "meniscus tears," "natural history of meniscus tears," "knee meniscus," "discoid meniscus," and "natural history of discoid meniscus tears." Results: A total of 2567 articles on meniscus tears, 28 articles on natural history of meniscus tears, 8065 articles on "menisci," 396 articles on "discoid meniscus," and only 2 on the "natural history of discoid meniscus" were found. After reviewing the titles of these articles and reviewing the abstracts of 237 articles, it was clear that there was little true long-term natural history data of untreated meniscus tears nor whether treating meniscus tears altered the natural history. Twenty-five articles were chosen as there was some mention of natural history in their studies. Conclusions: There are few long-term data on untreated meniscal tears or discoid meniscus, or tears in children and adolescents. The literature suggests that there is a higher incidence of chondral injury and subsequent osteoarthritis, but there are many confounding variables which are not controlled for in these relatively short-term papers.
BACKGROUND
Injuries to the meniscus in children and adolescents are increasing in number and severity. It is possible that this is related to increased participation in sports in this population, but perhaps also due to a heightened suspicion of tears and ready access to imaging technology such as the availability of magnetic resonance imaging. There are few natural history studies of tears of the menisci which follow the patient throughout their lifetime. The question is what is the long-term effect of a meniscus tear and is there any evidence that intervention can alter the natural history.
METHODS
A search of the PubMed and Embase databases was performed in August 2018 to identify studies in which the natural history of meniscus tears was discussed. The search terms were "meniscus tears," "natural history of meniscus tears," "knee meniscus," "discoid meniscus," and "natural history of discoid meniscus tears." The title and abstract reviews were performed. If the title indicated that the article covered the natural history of meniscus tears, was in the English language and involved human subjects, then the abstract was reviewed. No limitations on the date of the publication were placed.
RESULTS
A total of 2567 articles on meniscus tears, 28 articles on natural history of meniscus tears, 8065 articles on "menisci," 396 articles on "discoid meniscus," and only 2 on the "natural history of discoid meniscus" were found. The review methodology was applied, leaving 237 articles appropriate for full review. Few long-term natural history reviews were available, leaving 25 articles appropriate for final review.
The importance of the menisci has been defined and redefined over the centuries. Sir Bland Sutton famously described the menisci in 1897 as "functionless remnants of leg muscle origin." 1 More recent research has accentuated the significance of the menisci to knee stability, cartilage protection, and synovial health. 2 The natural history of a knee with a known meniscal injury has been reported to accelerate cartilage wear leading to early onset osteoarthritis. 3, 4 Biomechanical studies have demonstrated decreased contact pressure distribution and increased load rates per area in knees after total meniscectomy, which are associated with the higher risk of degenerative changes seen in longitudinal population studies. 5, 6, 7 Meniscal tear rates are reported around 60 per 100,000, but with multiple studies demonstrating asymptomatic meniscal tears, the true incidence is likely grossly underestimated. 8, 9 Males are more affected than females and a third of meniscal tears are associated with concomitant ligamentous injury, such as an anterior cruciate ligament rupture. The incidence of meniscal tears in the skeletally immature population is even more ill-defined as many traumatic tears under the age of 10 years are associated with the presence of a discoid meniscus. With the rise of early sports specialization, more girls playing sports, and the pressure to become elite athletes, there may be an increase in intra-articular knee pathology in this population. In addition, there may be meniscus tears which are asymptomatic and never come to the attention of medical professionals. 10 It is important to understand the natural history of a meniscus tear if one is to determine the best way to treat a patient with a meniscus tear. The question remains about what to do with a torn meniscus in the pediatric population. Does repair, partial or complete menisectomy affect the natural history? [11] [12] [13] While this query appears simple, the complexity of the meniscus with its inherent biomechanical structure, function, and blood supply leads to poorly defined treatment options and outcomes. To add more complexity, not all meniscal tears are created equal and greater than a third may never be diagnosed. With the increased use and expanded role of magnetic resonance imaging in the diagnosis of pediatric knee pathology, more tears are being recognized and there is a paucity of data regarding treatment and long-term outcomes in the pediatric knee.
ANATOMY AND BIOMECHANICS
The menisci are a pair of nonsymmetric semicircular (crescent moon-shaped) fibrocartilaginous structures attached to the tibial plateau at their anterior and posterior ends. There is an attachment to the tibia through the meniscotibial ligament. They are composed mostly of type I collagen bundles with a complex network of fibers varying in orientation to provide structure and support. A majority of the fibers are circumferential and provide resistance to compression. Radially oriented fibers resist longitudinal tearing between the circumferential fibers. This structure develops over the first 10 years of life and at that point is similar in content and structure to adult menisci. During development, blood and nutrients are supplied from the periphery through the entire width of the meniscus until the 9 month postpartum, at which point the inner third will be avascular. Through the rest of development this avascular zone will increase until only the peripheral 10% to 30% is vascular. The argument to repair more central tears in the pediatric meniscus stems directly from this idea that it is relatively more vascular when compared with the adult meniscus.
Types of tears
Tears can be categorized according to their type (horizontal, radial, complex, bucket handle, root injuries, etc.) and/or according to their location (periphery, red-red, red-white, white-white: referring to the perceived vascularity of the area of the tear). 14 There are hundreds of articles arguing for when or how to address these tears.
Treatment consists of partial menisectomy, meniscal repair, complete menisectomy, and even consideration of meniscal transplantation. This is not within the scope of this paper, however.
The question which remains unanswered is whether any of these treatments actually alters the natural history of meniscal injuries. [15] [16] [17] [18] 
Associated Problems
Meniscus tears take on a special significance if there is an associated ligamentous lesion such as an anterior cruciate ligament tear or an articular cartilage injury. The question remains as to whether or not the meniscus is protective after one of those injuries or more likely that the meniscus is at risk when there is a ligamentous injury that is not treated. Malalignment problems such as increased rotation of the femur or tibia 19, 20 or increase varus or valgus of the knee may contribute to problems with meniscus tears-either leading to tears, nonhealing of repairs, or contributing to arthritis after meniscal tears. 21, 22 The Discoid Meniscus
The discoid meniscus is an abnormally half moonshaped, thicker meniscus which is usually present on the lateral side of the knee. It is possibly a congenital abnormality but could also be developmental secondary to abnormal ligamentous attachments. The discoid meniscus is present in ∼3% to 6% of the general population and has a higher incidence in Asian countries. It is bilateral in up to 25% of patients. There are 3 types of discoid meniscus: incomplete, complete and Wrisberg type. The Wrisberg type is associated with absence of the meniscotibial ligament which makes it much more unstable. The natural history in a patient with a discoid meniscus is unknown. Certainly some patients have symptoms of clunking and even locking at a very young age, but some have pain which requires surgery. [23] [24] [25] [26] It is equally certain that many patients go through their entire lives with a discoid meniscus without any problems.
CONCLUSIONS
It is quite difficult to parse the natural history of meniscus tears from the current literature. There are patients who have meniscal injuries which are unrecognized, there are patients who have meniscal injuries with malalignment issues which may predispose to mechanical problems such as arthritis and most of the patients who have a symptomatic meniscus tear have surgical treatment of their injuries. There may be inflammatory chemicals in the knee which are upregulated when there is a meniscus tear leading to osteoarthritis. It is also unclear (and beyond the scope of this review) whether surgical intervention (menisectomy vs. repair) alter the natural history of a meniscus tear. Many of the papers do not discuss how the patients were treated after their surgery to include physical therapy, return to sports, and few have long-term follow-up. It will be very difficult, in a setting where there are physicians who are adept at diagnosing meniscus tears, have access to advanced imaging and have the means to treat meniscus tears that any natural history study will ever be performed. Perhaps a study could be performed in an underserved area of the world, with capture of all of the variables contributing to long-term problems, but none has been performed at this time.
